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TOWING TESTS OF MODELS AS.AN'AID IN THE DESIGN OF SEAPLANES*

By P. Schroder
I. INTRODUGTION

The seaplane, both before and during its take-off
run, is a water craft, As such, it must have a sufficient
displacement and must fulfill the well-known requiremeunts
of longitudinal and transverse stability while afloat,
jJust as any ship. But in addition to these it must attain
a2 speed which is altogether beyond the capacity of most
water craft. This presents no difficulty if there is
available an extraordinarily large propelling power, as is
usually the case -with small float seaplanes. 1If, however,
we are concerned with a very large aircraft, one which is
intended for long-distance flights, we must 1ift from the
water, when taking off, just as heavy a load as possible.
It might easily happen that the seaplané could carry its
designed load if it were once in the air, but that it .
could not reach take-off speed on the water. The problem
thon arises: What form of float is best suited to carry a
relatively heavy load to a high speed with a given propel-
ling power? This problem has been studied ever since
there have been seaplanes by the comparison of the take-
off performance of seaplanes which have been built and by
towing models in experimental model basins. 4s a result
of this work, there are available to-day a number of prov-
en designs. : : : ' : ‘

: Nevertheless, in the design of a seaplane, one always
meets anew the.problem of determining the sulitable float.
For it should be - noted that the successful take—off of a
proven . seaplane is not dependent solely on the floats., IT
the float of a successful seapleane is assembled with an-.
othef wing'cell and power plant it may fail to take off,

*"Der uodellschleppversuch als Hilfsmittel belm Entwurst, :j
eines Seeflugzeuges." Werft-Reederei-Hafen, August 22,
1930, pp. 349-354, Paper presented at the Ninth Meeting
of the Gesellschaft der Freunde und Forderer der Hamburg—
ischen Schiffbau-~Versuchsanstalt, June 11, 1930,
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‘even with the same power loading. Moreover, the identi~
cal float assembled with the.same wing cell and power
plant may have entirely different take~off characteristics,
according to: the specifications under ‘which the assembly
is made, . . .

These facts have not yet received the consideration
which they doeserve in tho study of the tako-off phenomona
of scaplanes. In part this is because tho rosults of tests
are as a rule not made available for publication, The
most serious obstacle, however, is presented by the prac-
tical d1;ficultles -encountered in carrying out tests in
such a manner that they make it possible to perceive the
effects of changes in the design of tie alrnlane on’ tne
take~off per:ormance. :

So far, the difflcultles montioned have been av01del
in the following médnner. To begin with, the desigzn of
the airplane, including the:float system, was prepared dy"
reference to successful prototypes. Then, the float sys-
tem was tested in an experimental model basin, and in '
these tests the model was subjected to thie conditions
which would be imposed upon it by the proposed wing cell
and -power plant. If the results of the towing tests wers
unsatisfactory, the form of the float was changed accord-
ing to judgment until satisfactory results were obtalned,
This method of itself makes it impracticable to attempt
changes in- the design because the scope of the experimern-
tal work for each new seaplane would thereby become infi-
nlte. :

The procedure doscribed gives good service when it is
a question of obtaining a quick decision c¢oncerning a2 spe-
cific design, It probably will be necessary to.resort to-
this method .in the future for the same purpose, However,
it is not suited to the further advancement of .our taslk,
which is to obtain the best take~off performance for tae
floats of large seaplanes, While being tested, the float
system nust be subjocted to the reguirements of a spocific
airplane design, consequently, such tests do not permit
general conclusions regarding the float system under test,
It is not possible, on the basis of such tests, to.pre- . .
dict how the fleat system would behave when assembled with
another W1ng cell or power plant. It is ‘not ‘éven possible
to predict the effect of a small changoe in the orlginal
design on the tako=off performance.
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" 'Hence, 1t,*as necessary to develop a method of re- -
search which. would make it possible to conduct the tests
in such & manner that they would be independent of the re-
quirements of a special airplane design, Such tests could
be made before the completion of the work of designing the
aircraft and would then be just as’much an aid to the air-
Plane designer in the design of the seaplane as would the
aerodynamic model tests, which no deslgner to-day would
forego.

The making and evaluation of a towing test of a sea- -
plane float system, which answers the requirements just
mentioned, is the subject of my present remarks., The ex- -
perlmental data presented have been taken from the tests
of the transoceanic airplane designed by Dr, Rumpler,
which were made by the. H.S.V.A, only a short while ago.

II. THE MAKING OF THE MODEL TESTS AND

THE PRESENTATION OF THE RESULTS

Because of practical difficulties in obtaining meas-
urecments, we cannot simulate the accelerated take~off run.
Instead we select a number of definite speeds and tow the
model at each with constant speed. The model must be
towed at each speed at several trim angles berause the re-
sistance in general depends very much on the angle of trim,
Besides the speed and angle of trim, the 1ift which is de-
veloped by the water must also be prescribed. Then only
does the question of resistence have a single neaning.

As the load which must be carried by the water is strongly
influenced by the wing cell and power plant, even for & -
given definite flying welght, runs must be nmade at differ-
ent loads for each speed and trlm.

In each case, besides the r381stance, the trimming
moment necessary. to produce the trim’ angle’ must be measured,
In the later computations these moment measurements form
the point of departure for the determination of the trim
position whlch the float - system would assume under a glven
alrecraft, - . oo

Figure 1 shows in graphic form a part of the schedule
of test runs for the study of the Rumpler model. - In this
manner the model is towed at all odd angles of trim up to
11°, TFor each of the parallel abscissas indicated, we ob-
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tain a resistance curve and a moment ‘curve which corre-
spond. ‘to a glven trim’ angle and a prescr1bed load o

For example, Figure 2 shows the results of tbe re-
51stance measurements for a trim angle of a" 5°

An example of the moment measurements is shown in Fige
ure 3, The reference axis for the moments shown is the
transverse axis through the point at which the center of
gravity is to be, according to the first design of the zir-
Plane. ' ' '

The first presentatlon of the results is derived di-
rectly’frOm the practice in making towing tests. We can
easily derive from these curves those rosistance and mo-
ment curves which correspond to a given speed and a pro-
scribed angle of trim for any arbitrary change in the 1lift,.

In Figure 4.wé havé“the-resistanbos, in FPigure 5 the
‘moments in the new presentation, measured at o = 1°.

The results are placed at the disposal of the air-
plane designer, in this form two curve sheets for each trim
angle investigated., These experimental data include all
the properties of the float system which we need for the
investigation of the take—off with any power plant and
wing cellule,

I1I, THE APPLICATION OF TJE TEST RESULTS IN

" THE DESIGN OF THE AIRPLANE

1, The Influence of the Wing Cell and Power Plant on
_ the Take—Off Performance :

For any form of float system, even the vest imagina-
ble, there are limits to the take-off performance whlch is
obtainable, fixed by the wing loading G/F and the power
loading G/N of the aircraft. In these, G 1s tho gross
weilght, F +the wing area, and N tho engine horsepower.,
However, in the investigation of the take-off, G, F, and
¥ are to be considered as constant because theoy prinei-
pally determine the flight characteristics, Furthermore,
tho wing form scloected must be determlned from tne aerody-
nanic standp01nt alone.
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. --The arrangement of the wing coll and power plant rol-
ative to the float system can inflmnenco the tako~off ro-~
sistance very much. Thoe question of vhich arrangemont
would give the best tako-off performances which are-possi-
ble with tho prescribed float system can be dotermlned by
means of such towing tests as have. just been described.
It is in this sense that model tests with the float sys-
tem are to be regarded as an aid in the designing of the
seaplane.

The effect of the w1ng cell ‘and power plant on the
float system can be expressed as a lifting force and a mo-
ment, Changes in arrangement which will change this force
and this moment without impairing the flight performance
are: _

(a2) Changing the distance from the step to the
vertical through the center of gravity of the sea-
plane, This can be done without changing the form
of the float system by shifting the float system lon-
gitudinally relative to the wing cell or by shifting
equipment and cargo longitudinally.

(b) Changing the distance H from the center
of gravity to the line of thrust of the propellers.
This can be done practically by moving equipment and
cargo vertically or by moving the shafts,

. (c) Ghanglng the angles of inclination o of
the w1ng chord to the C.W.L. (d951gned water line).

(d) . Changing the angle of 1ncllnat10n ¢ of the
. propeller shafts to the C,W.L.

~ Methods. (a) and (b) are the most effective. They de-~
termine the trimming moment applled to the float system
and thareby the trim positions which occur during the take-
off, Methods (c) and (d) mainly change the lifting force.
They have little influence on the moment.

- In order to obtain that arrangement which will 1ead
to the most favorable take-off resistance which is. possi—
ble with the float gystem being considered, and taking
into account all of the secondary regquirements, the follow-
ing method seems most suitable: For some arrangement which
‘is practicable,_ and which seems plausible when compared
wlth proven constructions, the take-off performance is de-
termined from the tests. Then each of methods (a), (b),

L
%
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(¢), and (4) is tried'tb-determ1n6 in which direction a
change must be made to-imp;ove the performance of the first
design, Only when nonse of the practicable arrangements

- leads to satisfactory results is-the float system under

consideration to be rejected as unsuitable for the pro-.
posed aireraft, andl.a change in t;e form of t ho float 8y 8-
tem ‘to be con51dered . .

In this the fundamental requirement is tzat t&a form
of the float system shall be derived primarily from the
hydrodynhamic point of view. 1In assembling it with ‘the
wing cell 'dnd- power plant it is necessary to imsure by a
suitables arrangement that the float system is working un-
der ‘conditions that approach as closely as possible taose
under which it has its minimum water resistance. :

Besides the changes in arrangement which influence

the conditions under which the float. system must work,

we ‘havo -in the altitudo: controls an additional. important

518 Tor influencing the take-off of a seaplane, The grcat-
‘'er the speed which has been reachcd, the zreater the lim-

its within which one can influence ‘the trim by pulling up
or nosing down with the elevators. Consequently, if at
high speeds the position of equilibrium free to trim is
unfavorable, the float system can be drought into a favor-
able position by using the elevators,

From this we derive the following divisions for the
investigation of the take-off characteristlcs of a pro-
posed seaplane: SR c

1} The most favorable resistance curve which
can be obtained in the free-to-trim condition by
changes in arrangement is derived. The elevator has
little effect at low speeds and this curve'is dec1s~
ive for the first part of the take-off. ' :

2 The resistance in the free~to-trim conda—
tion during the second part of the take-off will zen-
erally exceed the most favorable resigtance of tle

"float system by a counsiderable amount Informatlon
as- to. the elevator movement which is required to
bring the. float isystem into its best attitude is to:
be obtained from the tests. The best attitude which
can be attained Dby suitable elevator movements: is '
decisive for the course of .the resistance curve dur-

"ing the second part of the. take off, . Y
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In the past we have been obliged to leave to the pi-
lot the task of determining this requirement for each
sedaplane by making a 'number of trial take~offs This is
a thankless task, as the requirement changes w1th every
change in the loading and the distribution of this load in
the aircraft, Furthermore, with heavily loaded seaplanes
it is not without -danger, for with unsuitadvle trims, which
have a high resistance, other inconveniences are involved,
The float system shows a tendency to pitch and to leave
the water (porpoise). In addition, the spray becomes
heavier.the farther the float system departs from its most
favorable trim, This can be very disagreeable in'conhec—
tion with the propeller., The greater the total weight of
the seaplane becomes, the more important it is to-avoid
such dangers as far ‘as possible by resorting to modol
tostse.

2. The Determination of the Resistance Curve for
the Take-~0ff Free to Trim

The working of a definite example is much more in-
structive than a purely abétract discussion, so we will
now imagine that we have been given the problem of carry-
ing out the study of the take-off characteristics of the
design for a transoceanic airplane proposed by Dr. Rumpler
on the basis of model towing tests. In accordance with
the considerations just discussed the first step is to de-~
termine the resistance for take-off free to trim under
tho conditions of the proposed design. According to this
design it is specified that:

115,000 kg (253,530 1b.)

¢ =
F = 1,000 m2. . ( 10,764 sq.ft.)
o = 2,58° -

¢ = 4

H = 1.14m  ( 3.74 £t.)

‘Static thrust _of propellers ca. 23,500 kg (51,809 1b,) de-

creasing to about 16,900 kg (37,258 1b.) at 150 km/h (93.2
mi,/hr,). The center of gravity is 2,9 m (9,51 ft.) for-
ward of the step and 4.75 m (15,58 ft,) above the designed
water line (C.W.D4) e



8" N,A.C.A, Technical Memorandum No, 676 °

*+ Thé model-is 1/16 full size. The displacement of the
model at rest is. therefere b :

D = e xf 28 08 kg (61 91 1b.) )

in which K 16 denotes the model scale. The model
speed .v. corresponde to the airplane speed V.

v =7 X 1/2 : (2)
The tow1ng-carr1age speed of IO n/s (32.8 ft./sec.) under
these conditions suffices to simulate a speed of 144 km/h
(89,5 mi,/hr,) of the airplane.. The weight on the water
a, which must be supported by the water at any speed. of
the model v, is derived from:. :

=D - e '(3)

In this, e is the air 1ift supplied by the wing cell
and power plant reduced to model scale

e =1 A3 S (4)

E consists of the wing 1ift BEf ana a contridbution
Bty wahich is derived from the- thrust of the propellers:

E = BEf + Bt (5)
The wing 1ift Ef 1is calculated from

Ef = ¢ ¢ F, ‘ (8) -

in which . '1 ' : 1 '
=z P v? = = v? kg m~? 7
=577 16 & (7)

The 1ift.coeffieient. cg 1is given in the polar diagrem
(fig. 6) as a function of the angle of attack of the wing
chord, This is the result of serodynamic model tests.

In addition to the value of the 1ift coefficient c,,

which we need to begin with, we also obtain the drag coef-
ficient ¢y for the air resistance of the seaplane. The
angle of the w1ng 6 is -

8= a+o L oTiey

R . . . T -

According to the specifications of the‘desiénifa wing angie
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of 8,5° corresponds to a trim angle of 6°. The part of

-the-1ift derived from the propsllers By, 1is

Et = § sin m (9)

as a result of the inclination of the propeller axis at
an angle T to the horizontal., The angle M is accord~
ingly,

n=a+ ¢ |  (10)

In this case m 1is always 4°'greater than the angle of
trim, Compared to ZEf, Et 1is of secondary importance
but generally is not so small as to be negligible,.

The results of this computation we can see in Figure
7« The scale of abscissa in this case is set off propor-
tional to the squares. By this means we get a straight
line for the weight on the water at each trim angle, Con-
sequently, we need to carry out the calculation for only
two speefs at each trim angle,.

We now determine the resistances and moments for
a = 1° TWith the weight on the water now known we can
take the resistances and moments which correspond to
a = 1° from Figures 4 and 5,

In this manner similar resistance and moment curves
are obtained for each trim angle investigated., These
curves fulfill the simultansous requirement that at every
point

A+ E =G : - (11)

that is, the woight on the water and the 1ift from the
proposed collule and propeller thrust always total the
gross weight, Figures 8 and 9 give us theso curves for
the transoceanic flying boat of Dr. Rumpler.

The next problem is to determine the trim angles:
which the seaplane will assume during the take-off, These
are dependent upon the moment loads M, which the float
system receives from wings and tail and from propellers.
This constraining moment My consists mainly of two parts

Mg = My + My (12)

0f these M7 1is the part derived from the aerodynamic
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forces and My that from the power plant. vML is &eter~
mined by aerodyhamlc measurenents and in this case it° ‘may
be considered as known, Jjust as is the polar diagram of
the wings. Mt is computed from

My = S H,

in which it must be remembered that S is dependent -upon
the speed, TFor the model the imposed moment is then

Mg ..= Mo }\‘—-4 (14:)

The moment m, thus computed is shown in our example as
the curve nge of Figure 9, The momentS"m "arising from
the .action of the water are drawn positive when they 1ift
the bow; the constraining moment‘ my 1is drawn as positive
when it depreéesses the bow, so that positions of equilib-
rium are indicated by : '

m + mg =0 . (15)

Therefore, the various points at which the curve m, in-
tersects the curves aq = constant are such points of equiw
librium, In Figure 9 we can now read the various'changes
in trim angle which may be expected in a take-off free to
trim under the conditions of the design., TFigure 10 shows
fhis curve.

With this knowledge of the changes in trim we are in
a position to determine the corresponding resistance curve
in Figure B8, With this the first step of our problem is
solved, We see at once that left free to trim the sea-
plane has a much greater resistance at high speeds than
at trims of from 3° to 50

3. The Resistance Curves with Elevator Control
(at Fixzed Trims)

" . The next problem is the determlnatlon of the resist-~
'ance curves in ‘the second part of the take~off when the
.. seaplane is pulled up to a fixed trim, We will) -as an
' example, .consider trimming to o = 5°, This'ié-thé most
favorable trim for the design under consideration,

First we must determine by computatipn whether the
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“elevator can hold the seaplane at o = 5° A 81mple asro=~

dynamic computation leads to the moment curve m' seen in
Figure 9, The differences between my and m! are the
computed maximum moments which the proposed. control sur-

. faces can produce. It can be seen that the control sur-

faces can hold the .seaplane at a = 5% .if it has once
reached this trim. The ordinates mg, etc., show the mo-
ments which are necessary for this purpose at each speed,
Now, let  ny = the distance of the center of pressure of
the control surfaces from the axis :of moments, and ki =
the force on the control surfaces, both reduced to the
scale of ‘the model. n, is known from the design and I
is computed from : . T emiae L e

kg ngo = mg S (186)

The load whibh must be carried on fﬂe water is increased
by the amount kg so that the new weight on the water ag
is given by ‘ :

With the new weight on the water, the resistance curve
which corresponds to the weight ag 1is determined in the
manner already indicated. The result of this computation
is shown in Figure 8, The resistance curve for a take~-
off at a fixed trim of o = 3° is found by the same meth-
0od, The change in the moments is so swmall that it may be
neglected.

4, Take-Off Time and Take-Off Run

The data now obtained make it possible to compute the
take~off time and run for the proposed design, -Frankly,
at present, several factors must be neglected in- making
tais computation, so that the result can clainm only approx~-
imate accuracy, The H.S.V.A. is investigating the effect
of these neglected factors, but the study is not yet conm-~

pleted.

We first compute the total water r931stance acco rd-
ing to Froude's law and are aware that the results are
somewhat too great. The error cannot be very large because
all practical float forms, when planing, rise so far that
only a small fraction of the surface is wet by the water.
The results of this computation are seen in Figure 1ll.
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-~. Po, the water resistance thus computed, the air re-
sistance :

L= (g + ¢ws) g F , '_(18)7:

is to be added. The drag coefficient cy. is taken from
the polar diagram., The data regarding eyg, wWaich in-
cludes the so-called '"parasite drag," are also derlved
from aerodynamic tests, , - a

The difference between the sum of the resistahoes .

and the propeller thrust is available for dcecelerating
the seaplane. 1If the rediprbcal of this difference is de-
noted by r§ an elementary principle of dynamics gives
the formula for take—off time ¢ and length of take-off
run S, o

Vs e} Vs

S r av, 8 =~ [ r a(v?) (19)
0 2g

M o2

The integral can easily be solved graphically. In our
case,

t = 70 sec.' and s = 1,430 m (4 690 ft,)

for a take-off in which the seaplane is left free to trim
untll it reaches 70 £m/h (43.5 mi, /nr ), and then is held
at 5°

5, An Example of the Investigation of Changes in Design

Ve have reached the objective of our investigation of
the design under consideration, and are now confronted by
the question whether still better performances can be ob-
tained from the float system. The next step of a complete
1nvest1gatlon of the take~off, according to our d&iscussion,
is the trial of all four changes in design (III-l-a,b,c,d)
which may be used for the purpose. To consider all four
cases would lead to tiresome repetition. Accordingly, I
would like %to limit myself, for purposes of illustration,
to describing in detail only the investigation of the ef-~
fect of a change in the pos1t10n of the center of grav1ty.

We will assume that as a result of a chan ge in tneﬁ:-
dlstribution of the cargo, the center of "raVlty is moved
aft 800 mm (31.5 in.). Since its original position was
also ‘our axis of moments, this shift means a stern-~heavy
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moment for the model of

mg = 28,08 X 0.8 : 16 = 1.404 m kg (10.155 1b.ft.) (20)

The previously computed moment mg, 1is decreased by _
this amount as seen in Figure 9., The curve of the new -
trim angles is obtained from this figure and is shown in
Figure 10, The corresponding resistsnce curve for a take-
off free to trim is found in Figure 8,

For high speeds, a change in the position of the cen-~
ter of gravity is of no importance since we are then able
to assume any trim by means of the elevators., Under these
circumstances, a change in the angle of the wings relative
to the C.W.L. is effective. As o0 increases, the wings
1lift a greater part of the gross weight; consequently, the
water resistance decreases, The investigation requires a
repetition of the whole process of analysis., Figure 12
-shows the results for an increase in the angle of the
wings from o = 2.,5° to o = 4.,5°., The expected reduc-
tion in water resistance is obtained, but the greater part
of the gain is lost because of increased air resistance.
We must not conclude that the investigation was fruitless,
however, In this case the original design already lay
very near to the most favorable proportions. That fact
was determined by the investigation,.

IV, CLOSING REMARKS

The take-off which we have just discussed referred to
a take~off without wind and at a prescribed gross weight,
It is easily possible to compute the take-off for any oth-
er desired gross welght from the experimental results pre~
viously discussed and according to the method of evalua-
tion presented and also to take account of the wind, At
this time I can only mention this fact. :

Even if it is decided to make essential changes in
the wing cell or power plant an estimation of the take-
off performance is still possible without its belng neces~
sary to make new test runs. Such radical caanges are, for
example, the choice of another wlng profile, another wing
area, or the fitting of more powerfudl engines.

The cost of such a comprehsesnsive investigatibn is nat=
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urally greater than that of the customary simpler proce~
dure., 3But if we keep in mind that the valuée of the en-
tire seaplane depends on its ability to take off, becauss
there can bé no flight without take-off, - -and alao consider
that the cost of a glant seaplane runs 1nto millions of
marks, the cost of the research is fully justified, If we
undertake a complete investigation of a float system, as
is here recommended, we are assured that we will be pro=-
tected against disagreeable surprises, which will cause
much greater expense, if they are first encountered .on the
f1n1shed seaplane, than a complete model test would cost.

A shortened test wnlch is 11mited to the ‘runs abso-f
lutely necessary for the consideration of a.given take-~off
condition and which neglects the determination.of the oth-
er properties of the float-system does not offer.this pro-
tection to the same extent, Experience has alrsady  shown
that in the region of maximum resistance, two different. .
resistances may occur. The more stingily the research
program is laid out, the more saslly does the more unfavor~
.able case escape observation,

A more reliable way of preventing a costly increase
in the scope of the tests  lies in the solution of the fol-
lowing research problem: .Let the resistance w; .and the
trimming moment m; of ‘a highwspeed flying boat:-with a
load a, Dbe measured.at & speed +v,. The resistance wj,
and moment m, for the same flying boat with a load a;
are to be computed from these results for a correspondiang
speed, The H,S5.V.A, has done this and will report soon
on the solution of this problem,.*

In conclusjion, I express to Dr. Rumpler my best
thanks, becausé he has so kindly agreed to the publication
of-the experimental data which I have given and therebdy
has enabled me to enliven "the presentatlon with actual
test results.

Schrgder, P.:!' Determination of Resistance and Trimming
moment of Planing Water Craft, T.li. No. 619, HN.A.,C.A,,
1831, . :
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.4 DI s'cﬁ.sSI on

In the dlscu551on of the precedlng paper, Oberbaurat,
Dr, Ing. Weitbrecht,  Berlin, remarked' "I can only con-.
gratulate the H(S.V. A and Dr, Schroder on this work which
they have described here, .y questions:do not relate to
the resulta of the tests but to the methods used.

"ggestion 1.5-Aside from the various 1qadings of the -
seaplane in the initlal condition, the variables in the
investigation are: : = :

(a) sﬁeed
(b) moment
(¢) trim

In the work under discussion the speed and trim were cho-
sen as the constant quantities in the test, In our opin-
ion it is simpler not to change the speed and moment with-
In one test and to plot trim angles as functions of the
moment, ‘I believe the consideration of the possibility of
affecting the speed by means of the elevators or by chaages
in weight distridbution is made simpler. Naturally, this is
conditioned upon the, fitting of a trim-controlled 1lift,
(One which simulates the wing lift, varying with the angle
of attack of the wing.- Translator.) '

MQuoestion 2.~ Is thore any hesitation at attempting
the guantitative measurements of accelerated runs if dy-
namically similar models are used? 4&n obstacle to carry-
ing out these tests up to now has bveen the difficulty of
taking care of the change in wing 1ift on the model cor--
responding to changing trim angles., This problem has al-
ready been -solved by us and I believe also by others, so
that in thils respect there need be no further hegitation,

‘Questlon 3.~ Aroe there any flzures whlch compare the
time of take—~off and- take—off run computed according to
equation (19) for model aad. full size?"

. Mr. Dieaer (Engineer), Friedrichshafen, remarked as

" follows: - -MI-~would like to add tq the presentation by Dr,.
Schroder a point which he has not referred to in this dis-
cussion of the balance of forces and moments on the air-
craft while takting off. This is the moment which is de-
veloped by the air stream of the propeller ¢on the flying
surfaces, The 1ift of the wings is more or less strongly
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affected by the slipstresm according to the relative posi-
tions of propeller and wings as is also the induced angle
of attack over that area of the wings which is swept by
the sllpstream., Because of this, the direction of tne
wake behind the wing is also changed and 11Lew1se, the di-
~rection of the blast on the'éontrol sirfaces, and their
'moments. It is further changed by the inecrease in air
speed. in' the slipstream as compared to the flying soued
This moment developed by the effect of the slipstrcam on
the wings and control surfaces is greater than the moment
of the thrust about the center of gravity of the system
and coanseguently cannot be neglected in working up the re-
sults of towing tests. Unfortunately, the desiguner is in
a difficult position because at prosent this moment gen-
erally cannot be calculated and can beo estimated only very
approximatoly from wind-tunnel tests, Consequently, thais
circumstancge causos an undesirable uncertainty in the.ap-
pllcatlon of tnnk tosts to large seaplancs,

"Tith regard to the guestion raised by tihc previous
speaker concerning the agreement betwoon tho take-off por-
formance obtained by analysis of towing tests and the
take~off performance of actual airplanes, .J] might refer
to the results on the flying boat Dornier Wal, the model
of which was towed last year at various trim’angles in
the manner described by the lecturer, The computation of
the model tests for a gross load of 6,200 kg (13,669 1b,)
gave a take—off time of 27 seconds, while the actual neas-
ured take~off time was about 23 seconds, showing a rela-
tively good agreement.! :

. Hr, H, Herrmann (Engineer), Bremen, made the following

emarLs.,_"Tne lecturer has shown us how much furtiher re—
search methods have developed at the Hamburg tank in the
last few years. He even goes so far as to work out di-
rections for the pilot to follow during talke~off, OF
‘course, as a pllot one can abide by such directions to a
certain extent, But there are many cons1deratlons against
it. According to experience, the trim angle is measured
too large on small models, and consequently an important
piece of fundamental data is wrong. We anve no measure
whatever of the magnltude of this error. Goasequently,..
it appears most advisable to check tne_whole Procedure.
egaln by take~off tests."'[; T ' ' S

In nis conclu31on, Dr. Schroder réolléd "OﬁéfbﬁurAt
Dr. Weitbrecht has’ expressed the opinion that it would be
better to bring 'in the trim moment as the indevendent vari-
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able instead of the.trim angle. This procedure is, of
“eourse; to be- preferred when. we are concer;ed with test-
ing a definite seaplane’ design, for which we know accu~-
rately the moments produced by the wings and power plant,

" But Engineer Diemer has also pointed out that these very .
moments are vory . difficult to determine. I can only agroe
with him, This c1rcumstance has been sottled in Ny mind
with tho decision to choose tho ‘anglo at will and to moas--
ure the momoents. In this manner, the mecasuroments theom-
solves romain freo from unrcliable assumptions regardlng
the magnitudo of the external moments Which are intro-
duced. In tho working up of the rosults on tho drawing
board, according to my mothod, one can detormine tho of-
foct of any dosirod moment. Onc can obtain the samec ro-
sult if ono runs at fixed, proscribed momonts, but cannot
roly upon a definito variation of momont with spood and
trim in carryiag out the tests, Henco, the advantago
which the choico of tho momeonts as the indepondent varia-—
ble should give is lost. But, if one must carry out an
investigation of the same oxtent in both cases, I beliovo
it more advantageous to fix the angle, In addition one
must always be careful to carry out model tests with dif-
ferent forms of floats in such a mananer that they are con-
parable with one another, Cgumparison at equal trim an-
gles is directly apparent, It is not at equal moments.

."The trime=controlled 1lift of the float is an advant-
age only 1f one is investigating a specific design. In
complete investigations of the float system, which are in-
tended to give information concerning the take~off per-—
formance of any aircraft which may be equipped with the
float system being studied, the measurements in general
must not be subjected to the requirements of a particular
aircraft, as I have established thoroughly in my lecture,

"For carrylng out the measurements in accelerated runs,
all instruments must record automatically and work without
lag., As yet we have no such instruments, Furthermorse,
the value of measurements in accelerated runs should not
be overe stimated., The manner in which the accelsrating
force varies with the speed is unknown before the run and
conssequently must be selected arbltrarily. In my opinion,
a necessity for busying ourselves with the new difficul-
ties which are found in this does not arise until it ap-
pears that in actual fact accelerations produce serious
changes in the resistance of planing water craft. The in-
vostigation of this guestion by special tests is truly
much to be desired,
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"The further cnacblng of the results of model: teskts
by take~off measurements made on actual aircraft, as En-
gincer Herrmann has Jjust pointed out is cert11n1y'ndces~
sary, Thoe earlier measurcoments of take~off time, unfor-
tunately, could not be drawn upon for this purposoc, siaco
the method of research and evaluation which has Jjust becn
presonted has beei developod but receantly."

Translation by
The Stafd, N.A.C.A._ﬂapk.
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Fig. 11 Rumpler transoceanic flyingdboat. Resistances of full
sized craft at varilous speeds and under various con-
ditions indicated.
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